Background and Purpose: Our purpose was to characterize the surface area of the infarct and the surface
Sudden occlusion of the middle cerebral artery (MCA) above the rhinal fissure produces a large ischemic infarct in the spontaneously hypertensive rat' and the inbred stroke-prone subtype (SHRSP).23 A gradient of blood flow, with normal levels near the midline decreasing to abnormally low levels near the site of MCA occlusion,4-6 exists. Thus, inadequate blood flow appears to be primary to lesion initiation after MCA occlusion in spontaneously hypertensive rats.
Distal MCA branches anastomose with distal rami of the anterior cerebral artery (ACA) and posterior cerebral artery (PCA) in rats. 7 The dilated anastomoses being of narrower luminal width in SHRSP than in the Wistar-Kyoto rat (WKY)8 and the larger reduction in blood flow in SHRSP than in WKY9 suggest that narrow anastomoses predispose young SHRSP to injury and infarction after MCA occlusion. In contrast, young See Editorial Comment, page 710 normotensive WKY with wider anastomoses8 and greater flow reserve are protected from infarction by adequate circulation that is initially less than normal blood flow,9 but within 1 month after MCA occlusion blood flow and flow reserve are restored to normal levels in WKY. 10 In the study reported here, a map reveals that the infarcted area in SHRSP is circumscribed by anastomoses that define a potential area at risk of infarction. If Flow interruption could be observed in the MCA immediately distal to the knot and confirmed occlusion.'2 The rats were not paralyzed, no mechanical ventilation was used, and no respiratory gases were administered. After wound closure with sutures, postsurgical care followed procedures previously outlined.12
On the seventh day after MCA occlusion all rats were anesthetized again. Papaverine (40-50 mg/kg body wt) was administered intravenously to produce maximal vasodilation and death. Under controlled conditions, latex (Chicago Latex Products, Schaumberg, Ill.) was injected into the arterial tree to visualize for measurement the luminal diameters of anastomosing rami.7 The brains were immersion-fixed in 10% neutral buffered formalin for 9 months before photography. Our impression is that photographic contrast is increased with fixation time.
The brains were placed in a custom-made holder to photograph the hemisphere at an angle of 650 to the midsagittal plane. This angle of orientation permitted observation of the cortical surface of the infarct in one image ( Figure 1 ). Fine grain release film was used for photography because this film is sensitive to the spectral properties of infarcted tissue. Infarct borders were drawn from negative projections. Digital coordinates were obtained with a SummaSketch digitizing pad (Summagraphics Corp., Fairfield, Conn.). Infarct area and perimeter were calculated using Sigma-Scan software (Jandel Scientific, San Rafael, Calif.) running on a microcomputer.
The location of an anastomosis was determined on the basis of vessel branch angle reversal patterns. 7 The site of an anastomosis was halfway between vessel branch angle reversal points or where the luminal diameter was minimal.7 Sites of anastomosing vessels were used to identify spatial limits of the area at risk of infarction on the surface of the brain and to measure vessel luminal diameter. Luminal diameters of the 10 widest anastomoses were measured on photographic prints at x75 magnification using the digitizing pad.
Maps of infarct area and risk area were constructed from film negatives. For spatial overlap maps, the site of MCA occlusion was used as the registration (fiducial) alignment point. The common area was that which overlapped spatially in the 18 SHRSP or in the 18 Fl rats. The variable area was located spatially outside of the area common to a group of 18 rats. The arithmetic mean of the variable area was calculated by subtracting the common area obtained for the group from the area for an individual rat. Shape was evaluated using a shape factor defined as the square root of the area divided by the perimeter of the area.
Student's t test was used to compare the two groups.
Within-group comparisons used a two-tailed paired t test. An a error below 0.05 (i.e.,p<0.05) was considered significant. All values were expressed as mean-+±SEM unless otherwise noted.
Results Collateral supply branches from the ACA, PCA, and proximal MCA anastomose with MCA branches in a configuration that is distal to and that circumscribes the occlusion site (Figure 1, left) . This circumscribed region outlined by anastomoses is at risk for reduced blood flow and infarction after MCA occlusion because there is no source beneath the cortex of collateral blood to the cortex in rats. Within the risk area, the infarct is surrounded by a border zone of tissue that extends to the anastomoses (Figure 1, right) . Adjacent anastomoses are not displaced in a sharp zigzag pattern, but rather the anastomoses align along a broad curve (Figure 1, right) . There was no evidence of nonanastomosing interdigitating arteries. Thus, the outer edge of the border zone is not highly serpiginous (serrated) as might occur if nonanastomotic vessels were inserted.
Mean surface area at risk of infarction was similar in size and variability in SHRSP and Fl rats (p>0.05, Mean luminal width of the 10 widest anastomoses in each rat was less in SHRSP (35 +0.8 um, p<0.05) than in Fl rats (44+1.3 ,um). Also, mean border zone surface area was less in temporal region13 1-3 of SHRSP (14±1 mm2, p<0.05) than of Fl rats (25±1 mm2). Conterminous anastomoses to the temporal border zone were narrower in SHRSP (52±3 gum, p <0.05) than in Fl rats (64±2 ,um). Furthermore, the temporal border zone area and mean luminal diameter of corresponding anastomoses were related by significant linear correlation in each group (r=0.6091, p<0.05 for SHRSP; r=0.6623, p<0.05 for Fl rats).
Discussion
This study provides three new findings. First, the core area of infarction is located within an area circumscribed by anastomoses, which suggests that the area at risk of infarction after MCA occlusion is defined by sites of anastomoses on the pial surface of the brain. Second, the nearly equal areas at risk of infarction in SHRSP and Fl rats but the significantly larger infarct in SHRSP than Fl rats are evidence that risk area is not a major determinant of infarct size. Third, infarct area overlap maps, border zone size data, and anastomosis width information indicate that infarct likelihood increases as a function of anastomosis width and distance from the anastomoses that define the risk area.
This study is the first known attempt to identify an area at risk of infarction based on the location of narrow anastomoses that may restrict blood flow and thus predispose SHRSP to infarction after an arterial occlusion. Whether hypertension-related differences elsewhere in the vascular tree also contribute to predisposing this risk area to large infarcts after MCA occlusion is not ruled out. The risk area was identified in two dimensions because the methods precluded an analysis of anastomoses that may exist within the cortex. This limitation was not considered exclusionary to the analysis undertaken for the following reasons. First, the neocortex receives no blood supply from the underside,14-17 thus the possibility is eliminated that anastomoses exist at the interface with white matter. 16 Second, speculation that anastomoses join adjacent, radially directed, cortical penetrating arteries within the cortex is contrary to functional evidence16,18 and without quantitative anatomical support.14 The concept that penetrating cortical arteries are functional end arteries1920 (without anastomoses to contiguous arteries) was never excluded since collateral supply is considered minimal through precapillary arterioles and capillary anastomoses. Thus, the possibility that collateral blood flowed laterally within the risk area was not excluded, but current information suggests that the distance was minimal, if any, beyond the field of a radial artery.
If 
